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attifc»?llPl!i:OHO.«tt^+7^lifi^«lcB^T6!), MfB*HX^-Xi:S(l 
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fHEiBfllMVlcU;, itiStigltS <fc ? (cUfUBBasBBtcB D ftf «■ fcftfcffilB S PE7 
b- h <Dtt«B»**fr S3l14¥igititg|5£^ty, B$£ l icIBK^Slo 40 
[ B $ « 8 ; 
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imxm i 1 1 

K'ft » i: * fll * S . ffitlt 0 tc ffi « © i/ x r A 0 
[W #3U 2 ] 
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Sraypyr, ibb ua s <o ne na o k jt , ss^tf v^jixmon m&ti<om'£t>&z>o 

WTT'li, tS»RffS>-yyh»?tt, (particle s)j OfflttKd 

Itl5^i:t5„ ©«Xx-y7©m, S#-r-5^>7;bfiSc^{i, -y h »?T»fc 

S 4-1 fc !» « S"J A>6ifli(Bl!:ioT»lsn«. * © » , % If 9J £ % # 1" § 0 fnta^ 

T^-y >y r»»?^Htt:i»»jw*6isa5*i*. « tB fS »c tf , iue $ n it x tf « ss s n ^ 
>-y?h»T©ifr ( -r ft t> % » ? ) *« # * n * o 

[ 0 0 0 6 ] 50 
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c © £ & © & cp ( c 43 T , ftM*"? J±*ftm>*y * > 7%f<0fe&Va%. 

mvntDisimvm, v yzrut? *> ftmn titt * -? ? b ft? rv/xh. GmRV/xnm 
m e =? it m m m tassKti) © m if ic <t t e m 2 ti , A-^^y*^, 7 < yi/ # a> 

[ 0 0 0 7 ] 

H 1 A It s M a a ffi t 43 T , S P E 7 b - h * £ fc f -5 fg 1 KffiBTfc* 
o C © g B 1 ti , SPE7'U-h5©*x/U3fr5iKf*2*»3l*5fcfcK:#*5ti;feo 

c cd.s p e 7u- h 5 it, w«fttf/xti»mfi ; ?oH*i«iai&tf}StHofci6Ksix«n 10 

T ^ * o HaatBt43tJ*»HKtt, B ^ ffi *T l 0 tc £ o T H 5£ £ ft fc PR ?'| S 1 1 fc , ± 
IS H ^ SB # 1 0O-SPtciSlj-e,n, Mi. IIS 1 3*#-r5SABHna»l 2 i: £ H x. 5 0 8 1 

3 it, f ni^lHtlftS P E^l/-h5 0-»4'>4< t 1 1 & C t K J; o T11%I 
tT»H«*i*lhLTfe«k^o *%«t©Ilt*, ^^©{^©jl^tfX klBlt^C, 

S XS =t © i\k © * m tt tf X I? © # X , SSK:*ftK:IB6ft*Ktt&ftfc«BK BP 13 S P E 7 

u-H5©jfiiP©sp*a8*^uTK3iai itaaLsn^*, xaiKtt-tfxoffi^ 

K * £ IM M 1 4HTH^TUi\ ft 51 g 1 l © M ffl K K S7^ySOVX f± JH Hff X 

IStlTV^o ft^lSl 1 CHI A£#Si) Stf/Xf±(f|SIS?S:ffJ^Tf§»iiJ24a/-c^i 

, IIX * S 1 6fcLTtBl^tlS. S , fOi'i/l/tfSPE^U-hSOHJPSSP 20 
W 9 frZftlfTcmfc 2 ti, (EI 1 B HXftig 1 6 lC^A6^n-5c #»J#& 1 7 (X 

x ;l/ * g ic L fc D , ^Micmmt^lc^W^^itisat 5 21 k»c J: oX , X ft ( w a s t e 
ma t e r i a 1) X ! i ?§ fcti $ (e 1 u t e) 4^^U-J&5l>ligfiftt > CD * ■ 

, ^D<D^x;^^lDS^T^4^ftK^i^iR0 ; /X(i-'ocD•9->^;^, m&yy-fji. h 

2> f> i± - O CD ^ CD £ > 7" )V CD » * * ffi < . 
[ 0 0 0 8 ] 

M fb 73 f£ cd g a fb CD £ T «t t) SRF * t f o LA 1 L, c <D H i£ £ ^ m fc 2? It f § K tt W T CD ^ 

s®sPE7"i/-i-T(i, ^n^ncD^x^KDjSffifjjt^tb-rstispA^?. ( a 1 a ) 0 
ilia, c ©J: -5 Kn&vm&o&mtffrfrz mfrmmvaftmzfun^rc*), 

4 I 5 v ffi S 5 o f§ % , 2 6 (c ti ffi H <D & <D K , tb P ft» & H ft T v 5 ^ ff Tf 5 o 
COttjBfH5E^ia*}(jfeLTV>fe^tL4a*Vt>0"Pfe») ( HI 1 B ) , D-f-vF^fflPft 

5 P E^U-HOgftS^Xlif ISffKioTiUftliti^TS P E7*U-Ffr5 
ffi*5i^i:$4l/'ctcD-c?feS(01A)o 40 

[ 0 0 0 9 ] 

MCliS P E 7" b - h O «fc -5 1C PJ — © £ X ;b ft tH L T ^ 5 t <D *^ ffl^ £ tl , ^ n IC «t o 
T S P E 7* U - h©tBP(ilRm7b - hCftiftlOf i;HCiEtli:EIt5 C k T* t 
5 c 138 ii 8 US ic 43 V> T It , C©J:3ftiRJB7 , U-Hia6nT*5t), j5fe # IK tl © M SSt tc 
*f L T # % K ®< # , * n g 43 1> T tB P 5 S n T ^ S H K «t 5 ?f 35 * 51 f © f 

[0010] 

V -T * D ijg Xi2 7 b - h ( m i c r o t i t r a t i o n p I a f. e ) 5 it & VS * i W) 

ttffl-r § ft^igptf *ffi*.rcvyy>i%imi/ZTL>it*m¥fmm q , 133, 0 4 5 #tcia 50 
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UtiT^S, *CTflil^&ftTV>**3l»#M:\ v ;b 7 x ;b 7* U - h*6jS*»?lt 
[001 1 ] 

Bia8«iEiaiiSftT^3KjS**K«fcK5£-l? * 5 . #«tt?Rtf/ 
X tt « fii ? © H *§ tt S tf JB ffl © a S P E7*l/-. htfp & 51 **ttl?<OSll 

[0012] 

ntf , .±ei ; £ sec, *^ijo^cr)ffi(D#ma, fles»*a»cia««n 10 
[ » h co & m ] 

[001 3 ] 

oT-r^K^yyyusiiis^-rscfcWPfriWRaasii^A/^s^tr. « a. ur , » * l < 

y^OlCTailf^^Stftl;*.- C <D fi 7 R XS / X It ffi K <fc n X , flc «S fc t T tti □ E 
[0014] 

*awfo^Tffi«Bs*ffl^TiRTOts. ft * s ct n a * a hj3 cd k (a * ih m t s & © t- 

« ft V o 

[0015] 

5©7x;l/3RaVX&fflffl^4frb®3r^Sfc*6©SB 1 5: 75 0 C © Ift tH S. 4 ft , % 
tlfn 1 )!^ 3 QJgffi 6 ©±t{£fi fRttoa 7 tfj P M P ffi 9 * fit § W P 8 

£ fit *. 5 o ltO'17 l±, ffi5<DJSgP6»C*^a-U (cannu 1 a) t LT, fllUc 
CD 7 n 7 ( f 1 oo r ) t LT, £ 5 IMi ¥ ffi ft 7 n 7 k L T R tt T & «fc <\ 5 6 K . P3 30 
BBViXlt HBBW.fr b ftftfc^ft (WAtf, JejBfBtt) T-$oTU^„ C<DtHPI±, 
iS P. E 7 b - h 5©Jg^6Rtf/X«7x;b3©TE£'>3§tiiLT^T&J;< (0 1 B * 

#88) , RUttteiKtt e. nx^r ck SB i ic fix hi vautt i o tc <fc o te^j bnr 
5 '> ft < 1 t. - o © ® ?i § i it, H^ffi*no©-«£ffiBL\ ft # $ s <t # b ft 

fc S P E 7 U - h 5 © *!> ft < i: & - SB £ # f S H £ K «fc o T I? IS M 1 4 * H ±-f & Bffi I 
3^*-r^'>ft<tt-OcDS^f)WPg|5l 2 * H A T ^ * o *S SP 1 3 it , * ft *« Ut t) f* 
tt b ft T ^ 5 S P E 7 b - h 5 cd # « «S gp 2 7 *f L, & it 3P £ ffi "T 5 7J 14 cD tb 5 ¥ 
}#ft£f.itgp 2 6 **AT^8 C i: Ll\ $ ft, £B(i. «R§l^-l 1 £ BE M IT 3 ft & 

IC , « f JI g l' 1 tC ft T *5 <3 . © 51 # > 7 K Sfer S ft T 5 '> ft < k fe - o O S 
7^71 5*iiTI<>8. $fc,'*KWK«Sfifilti, »»0!R?IHlPSi5l 9£#-f3 40 

1 8 Cft b<D^3IU3P/^ 1 9 cDaKU*»^fif±, S P E 7U- h 5 cD7X;l/ 

3Rtf /XlittttlS 4 ©#SB 1 3 K jft-H "f * W P M □ W 9 © » R tf » * i: - a -r S o C© 

^ft^ft©tap 8 oft ft if 7 1±, »3inaffi 1 9 1 1 % K«tt*+ 7^20 
m 1 8 © % §1 ufi p gp 1 9 ic m m m * t- a -r =t; 0 k , ® 31 1 ssifsPE^u-Fsm, 

fflv^gf 1 KliKSl LTSltSOtfifSL^. 1 ltcK^^aijftn-TSiii: 

Eitjt, a » ffi 2 a t; / x a * » ffl 7 x 7 ^ 7 x ji 3 a t/ tt ta ^ 4 © n tc % 51 $ ft , ® 
^xii^>7';i/A > :fe5(ap8^bff!i©tap'\i:iiift-r^^s^jaA?.ckft< > ^-ft^ft 

© 7 x ;U ^ 6 IR rj| fjf| p l 9 «: Ji o T ifi ft lc ?R 51 M 1 1 tS§„ m ffl 7 i: « 31 P « 1 

9 £©W©SItt^> -y 7" 2 OS, fflVfeSST?**) (0 2, 3 £ # ff J . 4^7^-72 50 
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1 1 1 It. I«*+7y*ii;T5^tO%tf,/i|$TS5. 3: fc gij CD 0jT-{±' 

, COlDt^+;;7*2 0li, ffi U T !/•> T t» J: < ( H * •£ "f ) > '>&<i:&t$fci$?&<D®3lcD 
Nl , (f«X^-X2 l!iS«4 ; .+ ^205^LT»?lil ltf5SS£fC#S£LT</>Tfc 
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Device, system, and method for aspirating liquids from SPE plates 



Related patent applications 

This patent application claims priority of the Swiss patent application No, CH 
0904/02 filed on May 31, 2002. 

Field of the invention 

The present Invention relates to a device according to the preamble of Independ- 
ent Claim 1, a corresponding system according to the preamble of Claim 10, and 
a method according to the preamble of independent Claim 13 for aspirating liq- 
uids from wells and/or extraction chambers of SPE plates for solid phase extrac- 
tion and elution of organic and/or inorganic particles. 
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In laboratories which are concerned with molecular biological/biochemicalassays, 
the fields of "genomics" or "proteomics" are common terms for the processing 
and assay of genetic substances, including DNA (deoxyribonucleic acid), RNA (ri- 
bonucleic acid), and/or their parts in the form of oligonucleotides or proteins 
(e.g., in the form of antigens or antibodies and/or their parts in the form of poly- 
peptides). These and similar processes may include multiple work steps in dif- 
ferent workstations. The field of proteomics in particular is increasingly gaining 
in significance, because not only the genome (genetic mass) but rather above all 
the particular protein configuration present (proteome) determines the appear- 
ance and state of a biological organism. This recognition has led to a deeper un- 
derstanding of the proteins as the actual regulation network taking the place of 
the dogma of "one gene - one protein - one function". Proteomics - the quanti- 
tative analysis of the proteins present in an organism at a specific point in time 
and under specific conditions - is therefore being profiled as an important key for 
functional analysis both In basic research (e.g., for the explanation of reaction 
and regulation networks) and for applied research (e.g., for searching out and 
selecting targets for developing medications). 

Related prior art 

Systems which are capable of performing automated separation or purification 
methods typically use "SPE plates" (solid phase extraction plates) for processing 
samples, particularly for solid phase extraction and elution of organic and/or in- 
organic particles. In this case - depending on the goal of the application - a spe- 
cific activated filter, a corresponding lattice, or even a separating column in the 
form of a packed capillary is placed in or at least near the floor outlet opening of 
a well of a microplate (cf. Figure 1: SPE plates from the related art). To perform 
a separation method, a sample is pipetted into a well and, through the applica- 
tion of suction forces (by applying vacuum) or gravity (by centrifuging), is forced 
to leave the microplate through the filter and/or the lattice via the floor outlet 
opening. 
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The principal of solid phase extraction may be summarized as follows: a sample 
is applied to a solid sorbent. The sorbent adsorbs or binds specific components 
of the sample. These components are often called target molecules, however, 
such components may be not only non-ionic components, but also ionic or even 
particular components such as cells, cell fragments, such as mitochondria or cell 
nuclei, or even viruses. In the following, all of the components and target mole- 
cules cited above are included under the term "particles". After the adsorption 
step, the remaining sample components are separated from the sorbent charged 
with target molecules through solid phase extraction. Subsequently, the sorbent 
is typically washed. Finally, the target molecules (i.e., the particles) are eluted 
from the solid sorbent. The eluate contains a purified or concentrated fraction of 
the target molecules (i.e., the particles). 

In the course of this method, the target molecules therefore binds to the acti- 
vated material, e.g., the separating column or packing. After the performance of 
several washing steps and the particular drainage of the wash waste material 
using vacuum or centrifugation, the target molecules and/or the organic and/or 
Inorganic particles separated from the sample in this way may be eluted with the 
aid of an eluent (a suitable solvent), i.e., separated from the packing, from the 
filter, and/or from the lattice. Subsequently, the eluted particles are transferred 
Into a second mlcroplate or onto the surface of a carrier using vacuum or cen- 
trifugation. 



Problems related to the prior art 

The aspirating of the liquids from the SPE plates is more suitable for automation 
of these separation or purification methods than a corresponding centrifugation. 
However, the implementation of this statement in practice requires overcoming 
multiple technical obstacles: the emptying of all wells is typically achieved 
through sudden, abrupt application of a high partial vacuum, which is performed 
by abruptly opening a valve leading to a pre-evacuated vacuum tank. Typically, 
SPE plates include a projecting outlet on their bottom side for each well (cf. Fig- 
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ure 1A). Such a sudden application of a vacuum, however, often leads to spray- 
ing or even foaming wash waste material, so that contamination (sample transfer 
from one outlet of an SPE plate to a neighboring outlet) is a concern. Sources for 
contamination or even for cross contamination may also be droplets hanging on 
these outlets (cf. Figure IB), which could also fill a possibly existing dead volume 
(cf. Rgure 1A), which are shaken off from the SPE plates through shakings 
and/or vibrations caused by manual or automatic manipulation of the SPE plates 
using a robot. 

To avoid the transfer of samples to another outlet or into another well of the col- 
lecting plate, a collecting plate is therefore used which has an identical well dis- 
tribution as the SPE plate, so that precisely one outlet of the SPE plate is posi- 
tioned in each well of such a collecting plate. In the related art, such collecting 
plates are known, which do have effective devices against spraying of the wash 
waste material, but may themselves give rise to contamination through droplets 
hanging on the outlets. 

A sample processing system having a suction element for automatic extraction of 
compounds from microtitration plates is known from U.S, Patent 6,133,045. The 
suction element used there is always used for aspirating liquids from a multiwell 
plate and for feeding these liquids into a waste container. 

Summary of the invention 

The object of the present invention is to suggest an alternative device and/or an 
alternative method for aspirating liquids from SPE plates for solid phase extrac- 
tion and elution of organic and/or Inorganic particles, which allows the disadvan- 
tages of the devices and methods described as the related art to be essentially 
eliminated. 

This object is achieved in regard to a first aspect with a device according to the 
features of independent Claim 1. This object is achieved in regard to a second 
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aspect with a method according to the features of independent Claim 13. Addi- 
tional features according to the present invention result from the dependent 
claims. 

The advantages of the device according to the present invention over the related 
art include the following: 

The device includes a special ventilation valve, preferably able to be me- 
chanically triggered by a robot arm and/or a gripper situated thereon, 
which may be opened very rapidiy and/or suddenly following the washing 
of the samples, through which - thanks to a preferably provided vacuum 
tank of the device, for example - a strong gas flow arises through the an- 
nular gap between the shielding tube and the outlets of the wells of the 
SPE plate, which are situated practically concentrically therein. This gas 
and/or airflow carries along all droplets of the wash waste material which 
are still possibly hanging on the outlets. 



Brief description of the drawings 

The following schematic figures are to document the known related art. Pre- 
ferred embodiments of the device according to the present invention are also ex- 
plained on the basis of such figures, without this restricting the scope of the pre- 
sent invention. 

Figure 1A shows a vertical partial section through a first device for emptying 
an SPE plate from the related art; 

Figure IB shows a vertical partial section through a second device for empty- 
ing an SPE plate from the related art; 

Figure 2 shows a vertical partial section through a device according to the 
present invention according to a first embodiment; 
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Figure 3 shows an enlarged vertical partial section through a device accord- 
ing to the present invention according to the first embodiment, cor- 
responding to the circle in Figure 2. 

Detailed description of prior art 

Figure 1 shows vertical partial sections through devices for emptying an SPE 
plate from the related art. These devices 1 are conceived for aspirating liquids 2 
from wells 3 of SPE plates 5. These SPE plates 5 are implemented for solid 
phase extraction and elution of organic and/or inorganic particles. These devices 
from the related art include a suction chamber 11, delimited by enclosure means 
10, and a receiving opening 12, positioned in a part of the enclosure means 10, 
having an edge region 13. This edge region 13 may be sealed to the surrounding 
atmosphere 14 by having at least a part of this SPE plate 5 applied to It, In the 
context of the present invention, gases, such as nitrogen and other inert gases, 
as well as air and other gas mixtures, but also liquids or liquid-gas mixtures 
which could not penetrate into the section chamber 11 via the path provided, 
i.e., via the lower outlets 8 of the SPE plates 5, are considered as the surround- 
ing atmosphere 14. For evacuation of the suction chamber 11, a vacuum line 
and/or partial vacuum line 15 is provided, which leads to the chamber and is 
connectable to a suction pump (not shown). The suction chamber 11 (cf, Figure 
1A) and/or a shell subdivided using intermediate walls, in whose shell parts the 
liquids 2 exiting from the outlet openings 9 of the SPE plate 5 are to be collected 
(cf. Figure IB), is used as the collecting chamber 16. Separating means 17 (or 
sorbents; e.g. filter) are used in the extraction chambers 4. As described above, 
the emptying of all wells through sudden, abrupt application of a high partial 
vacuum may lead to spraying or even foaming wash waste material or eluate and 
therefore to undesired material transfers into neighboring wells and/or to the loss 
of one sample, multiple samples, or all samples of a batch. 



(18) 



JP 2004-163396 A 2004. 6. 10 



- 7- 

Detailed description of the invention 

Figure 2 shows a device 1 for aspirating liquids 2 from wells 3 and/or extraction 
chambers 4 of SPE plates 5 for solid phase extraction and elution of organic 
and/or inorganic particles. These extraction chambers 4 each have an outlet 8, 
positioned on the bottom side 6 of the well 3 and including an annular wall 7, 
having an outlet opening 9. This annular wall 7 may be provided on the bottom 
side 6 of the well 5 as a cannula, as a conical floor, or even as a flat floor and 
may have a round design or a design deviating from the round shape (e.g., a 
square base). This outlet may project more or less under the bottom side 6 of 
the SPE plate 5 and/or the well 3 or even be implemented as a cone (cf. Figure 
IB). The device 1 includes at least one suction chamber 11 delimited by enclo- 
sure means 10 and at least one receiving opening 12, positioned in a part of the 
enclosure means 10, having an edge region 13, which may be sealed to the sur- 
rounding atmosphere 14 by having at least a part of such an SPE plate 5 applied 
to it. Preferably, the edge region 13 includes an elastic flat seal 26, which may 
have the outer edge 27 of an SPE plate 5 applied to it to form a seal. The device 
also includes at least one partial vacuum line 15, leading to the suction chamber 
11 and connectable to a suction pump, for evacuating the suction chamber 11. 
The device 1 according to the present invention also includes a suction element 
18 having multiple suction openings 19, the number and distribution of these 
suction openings 19 corresponding to the number and distribution of the outlet 
openings 9 of the wells 3 and/or extraction chambers 4 of an SPE plate 5 placed 
on the edge region 13. In this case, the annular wall 7 of each of these outlets 8 
may be positioned in relation to a suction opening 19 in such a way that it forms 
an annular gap 20 together with this suction opening 19. Preferably, suction 
element 18 and SPE plate 5 may be positioned in relation to one another using 
this device 1 in such a way that the annular walls 7 of the SPE plate 5 dip by a 
predetermined amount into the suction openings 19 of the suction element 18. 
The vacuum applied to the suction chamber 11 causes the wash liquids 2 and/or 
wash waste materials to be suctioned out of the wells 3 and the extraction cham- 
bers 4 and to reach the suction chamber 11 directly via the suction openings 19 
individually by well, without the transfer of liquids or sample parts from one out- 
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let 8 to another outlet having to be a concern. The annular gap 20 between the 
annular wall 7 and the suction opening 19 may be permanently open (cf. Figures 
2 and 3), through which the intermediate space 21 and the suction chamber 11 
may be permanently connected to one another. Alternatively, this annular gap 
20 may also be closed (not shown), through which the intermediate space 21 Is 
separated completely from the suction chamber 11, at least during the aspirating 
of the wash liquids. The suction element 18 is preferably tailored to the particu- 
lar SPE plates 5 used in such a way that an essentially uniform annular gap 20 
arises, even if the outlets 8 of the SPE plate 5 are not to be round. 

For defining a specific position of the annular walls 7 of these outlets 8 of the SPE 
plates 5 in relation to the suction openings 19 of the suction element 18, the 
suction element 18 and the enclosure means 10 are preferably fixable in relation 
to one another in the Z direction, i.e., perpendicular to the horizontal, so that the 
SPE plates always assume exactly the same position for their automatic process- 
ing. This fixing may be produced through a stop 28 between suction element 18 
and enclosure means 10 (cf. Figure 2). Alternatively, the suction element 18 and 
at least a part 29 (shown vertically here) of the enclosure means 10 may be im- 
plemented in one piece (not shown). In both cases, the device 1 includes an in- 
termediate space 21, which is defined by the suction element 18, the bottom side 
6 of the SPE plate 5, and the enclosure means 10. The flooding and/or ventila- 
tion of this intermediate space 21 using a flushing or separation gas is necessary 
in order to be able to lift the SPE plate 5 from the device 1. This lifting, but pref- 
erably also insertion of the SPE plate 5 Into the device 1, Is preferably performed 
using a robot arm (not shown), which is preferably equipped with two grippers 
for grasping the SPE plates on both sides. 

For flooding the intermediate space 21 with a gas, the enclosure means 10 in- 
cludes a ventilation valve 22, via which this flushing gas (e.g., N 2 , C0 2 , Ar, or air) 
may be introduced into the intermediate space 21. This ventilation valve 22 is 
preferably actuated by the arm of a robot for transporting an SPE plate 5 and/or 
by one of its grippers. In this case, it is especially preferable to Implement and 
guide the grlpper In such a way that, as the robot arm is lowered, the gripper 
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opens the ventilation valve Immediately before gripping the SPE plate. The ven- 
tilation valve 22 includes, for example, as shown in Figure 3, a valve seat 23 and 
a spring-loaded valve body 24 having a seal 25. For opening of the valve 22 by a 
robot for transporting an SPE plate 5, this seal 25 may be lifted with the valve 
body 24 essentially vertically from the valve seat 23. Alternate valves, such as 
those having a rocker mechanism or other variants, in which the valve body 24 
of the ventilation valve 22 is implemented so it may be pressed down by an arm 
of the robot for transporting an SPE plate 5 and/or its gripper and which may be 
triggered by the robot arm, are suggested to one skilled In the art In the knowl- 
edge of the present invention without anything further and thus are included in 
the scope of the present invention. 

A system for automatic processing of samples, which also includes a vacuum 
pump and thus all necessary supply lines and/or distributors and valves, prefera- 
bly includes one or more of the devices 1 just described. Such systems prefera- 
bly also include at least one robot arm and controllers and drives for operating 
this robot arm and its gripper. In addition, such a system preferably also in- 
cludes at least one pipetting and/or dispensing machine for pouring the liquids 2 
Into the wells of the SPE plates 5. A computer having appropriately tailored 
software, which also includes a screen for displaying the operating status and/or 
parameters of individual method steps or entire protocols, is suitable for moni- 
toring the process and the robot movements. 

A device 1 according to Claim 1 is used for performing the method according to 
the present invention for aspirating liquids 2 from wells 3 and/or extraction 
chambers 4 of SPE plates 5 for solid phase extraction and elution of organic 
and/or inorganic particles, this device 1 including an intermediate space 21, 
which is defined by the suction element 18, the bottom side of the SPE plate 5, 
and the enclosure means 10, and the suction element 18 being positioned on the 
enclosure means 10 to form a seal. The method is distinguished by the method 
step in which, after the aspiration of liquids 2 from the wells 3 and/or extraction 
chambers 4 of SPE plates 5, a flushing gas is introduced via a ventilation valve 
22, which the enclosure means 10 includes, into this intermediate space 21. 
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This method is preferably performed in an automated system. In this case, there 
are two basic alternatives to differentiate between: 

According to a first variant, the suction element 18 and the SPE plate 5 are posi- 
tioned in relation to one another using this device 1 in such a way that the an- 
nular walls 7 of the SPE plate 5 dip by a predetermined amount into the suction 
openings 19 of the suction element 18, so that the annular gaps 20 are open. 
Therefore, the ventilation valve 22 may be opened after the washing, a flushing 
gas introduced into the intermediate chamber 21, and - corresponding to the 
dashed arrow 30 in Figure 3 - a larger gas flow thus generated in the perma- 
nently open annular gaps 20. This gas flow, which is accelerated further by the 
narrowness of the annular gaps 20, Is used for the purpose of picking up droplets 
possibly hanging on the outlets 8 and pulling them off through the suction open- 
ings 19. 

According to a second variant, the suction element 18 and the SPE plate 5 are 
positioned in relation to one another using this device 1 in such a way that the 
annular walls 7 of the SPE plate 5 dip by a predetermined amount into the suc- 
tion openings 19 of the suction element 18, so that the annular gaps 20 are 
closed. Therefore, the ventilation valve 22 may be opened after the washing and 
a flushing gas may be introduced into the intermediate space 21 until atmos- 
pheric pressure conditions exist therein. Subsequently, the SPE plate 5 is lifted 
and in this way a greater gas flow - corresponding to the dashed arrow 30 in Fig- 
ure 3 - is thus generated in the annular gaps 20, which are only now opened. 
This gas flow, which is accelerated further through the initial narrowness of the 
annular gaps 20, is also used for the purpose of picking up droplets possibly 
hanging on the outlets 8 and pulling them off through the suction openings 19. 

In both cases, the opening of the ventilation valve 22 and/or the lifting of the 
SPE plate 5 is preferably performed by an arm of a robot for transporting the SPE 
plate 5. 
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The preferred attachment of a "vacuum accumulator", I.e., a chamber (not 
shown), which has a volume multiple times larger than the total volume of the 
suction chamber 11, prevents the occurrence of pressure surges which are sud- 
denly too high. In this way, the partial vacuum may be kept constant below the 
limiting value in a simple way and the use of a higher-performance and more ex- 
pensive pump may be dispensed with. 

The device preferably has a modular construction, so that Individual parts may be 
replaced at any time and/or used further for another purpose and in combination 
with further components (not shown here). Thus, for example, an automatic 
system may include multiple stations which may be equipped alternately with the 
suction bodies described above or with other devices, such as elution plates for 
applying samples onto object carriers or targets for microscopy or for analysis. 
One skilled In the art will perform such assignments from various aspects, thus, 
functional reliability, production costs, and ease of service and/or replaceability of 
individual parts and the performance of an optimated process sequence, from the 
addition of the samples, over their processing to the elution of the corresponding 
isolates and their dispensing directly on the surface of practically any arbitrary 
target (e.g., for MALDI-MS, fluorometry, etc.), each play an important role. The 
time necessary for performing certain work steps may also have an influence on 
the number and distribution of the workstations. 

*> 

Additional possibilities for improvement and/or combination result if the edge re- 
gion 13 includes an elastic flat seal 26. To improve the sealing effect, the device 
1 preferably includes additional pressing means (not shown), which press the 
outer edge of the SPE plate 5 onto this flat seal 26. 

In addition, a cover may be provided for covering the wells 3 of the SPE plate 
(not shown), which may alternately be attached to a robot arm implemented as 
an additional pressing means and, using this, may be lowered onto the SPE plate 
and/or removed from this SPE plate. This cover preferably has at least one seal, 
which may be applied to the SPE plate as a whole or individually by well to form a 
seal. If SPE plates 5 having large outlet openings 9 are used, the separating 
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means 17 used (e.g., filter or lattice) often have a different flow resistance for 
the washing agent and/or the eluate so that - if vacuum is used for emptying the 
SPE plates - some wells are emptied more rapidly than others. The flow resis- 
tance for the air flowing after in the wells just emptied is significantly lower than 
the flow resistance for the liquids in the wells not yet emptied; this leads to an 
undesired and uncontrollable pressure increase in the vacuum. The emptying of 
all wells is therefore typically achieved through sudden, abrupt application of a 
large partial vacuum, which is performed through sudden opening of a valve 
leading to a pre-evacuated vacuum 10. This may in turn lead to transfer of sam- 
ples to the outlets 8 of the neighboring well and therefore to contamination of 
neighboring samples. Through application and/or pressing of such a cover to 
form a seal, the quantity of the air flowing after is limited and therefore a larger 
gas flow is generated when the ventilation valve 22 is opened, which is used for 
the purpose of picking up droplets possibly hanging on the outlets 8 and pulling 
them off through the suction openings 19. 

Identical parts are provided with identical reference numbers in the figures, the 
corresponding titles apply in this case even if they are not expressly listed and/or 
noted in each case. Any arbitrary combinations of the features shown and/or de- 
scribed are a component of the present invention. 
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What is claimed is: 

1. A device (1) for aspirating liquids (2) from wells (3) and/or extraction 

chambers (4) of SPE plates (5) for solid phase extraction and elution of or- 
ganic and/or inorganic particles - these extraction chambers (4) each 
having an outlet (8), positioned on the bottom side (6) of the wells (3) and 
including an annular wall (7), which has an outlet opening (9) - including: 

at least one suction chamber (11) delimited by enclosure means 

(10); 

at least one receiving opening (12), positioned In a part of the en- 
closure means (10), having an edge region (13), which may be 
sealed to the surrounding atmosphere (14) by applying at least a 
part of such an SPE plate (5); 

at least one partial vacuum line (15), which leads to the suction 
chamber (11) and may be connected to a suction pump, for evacu- 
ating the suction chamber (11), 

a suction element (18) having multiple suction openings (19), the 
number and distribution of these suction openings (19) correspond- 
ing to the number and distribution of the outlet openings (9) of the 
wells (3) and/or extraction chambers (4) of an SPE plate (5) placed 
on the edge regions (13), and the annular wall (7) of each of these 
outlets (8) able to be positioned in relation to a suction opening (19) 
in such a way that it forms an annular gap (20) together with this 
suction opening (19) f 
characterized in that the device (1) includes an intermediate space (21) f 
which is defined by the suction element (18), the bottom side of the SPE 
plate (5), and the enclosure means (10), the suction element (18) being 
positioned on the enclosure means (10) to form a seal, and the enclosure 
means (10) including a ventilation valve (22), via which a flushing gas may 
be introduced into this intermediate space (21). 
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2. The device according to Claim 1 # 

characterized in that the suction element (18) and the SPE plate (5) 
may be positioned In relation to one another using this device (1) in such a 
way that the annular walls (7) of the SPE plate (5) dip by a predetermined 
amount into the suction openings (19) of the suction element (18). 

3. The device according to Claim 1, 

characterized in that, to open it, the ventilation valve (22) may have an 
arm of a robot for transporting an SPE plate (5) applied to it. 

4. The device according to Claim 1, 

characterized in that the ventilation valve (22) has a valve seat (23) 
and a spring-loaded valve body (24) having a seal (25), the seal (25) - for 
opening the valve by an arm of a robot for transporting an SPE plate (5) - 
able to be raised essentially vertically from the valve seat. 

5. The device according to Claim 4, 

characterized in that the valve body (24) of the ventilation valve (22) is 
implemented so it may be pressed downward by an arm of the robot for 
transporting an SPE plate (5). 

6. The device according to Claim 1, 

characterized in that the annular gap (20) between the annular wall (7) 
and the suction opening (19) is permanently open and the intermediate 
space (21) and the suction chamber (11) are thus continuously connected 
to one another. 

7. The device according to Claim 1, 

characterized in that the edge region (13) includes an elastic flat seal 
(26), which may have the outer edge (27) of an SPE plate (5) applied to it 
to form a seal. 
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8. The device according to Claim 1, 

characterized in that - for defining a specific position of the annular 
walls (7) of these outlets (8) of the SPE plates (5) in relation to the suction 
openings (19) of the suction element (18) - the suction element (18) and 
the enclosure means (10) may be fixed in relation to one another in the Z 
direction or the suction element (18) and at least a part of the enclosure 
means (10) are implemented in one piece. 

9. The device according to Claim 1, 

characterized in that it includes at least one cover, which is imple- 
mented to be applied to an SPE plate (5) placed on the edge region (13) to 
form a seal. 

10. A system for automatic processing of samples, which includes a vacuum 
pump, 

characterized in that the system has one or more devices according to 
Claim 1. 

11. The system according to Claim 10, 

characterized in that it includes at least one robot arm and controllers 
and drives for operating this robot arm. 

12. The system according to Claim 10, 

characterized in that it also includes at least one pipetting and/or dis- 
pensing machine. 

13. A method of aspirating liquids (2) from wells (3) and/or extraction cham- 
bers (4) of SPE plates (5) for solid phase extraction and elution of organic 
and/or inorganic particles - these extraction chambers (4) each having an 
outlet (8), positioned on the bottom side (6) of the wells (3) and including 
an annular wall (7), which has an outlet opening (9), and a device (1) be- 
ing used, which includes at least one suction chamber (11) delimited by 
enclosure means (10); at least one receiving opening (12), positioned in a 
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part of the enclosure means (10), having an edge region (13), which may 
be sealed to the surrounding atmosphere (14) by applying at least a part 
of such an SPE plate (5); and at least one partial vacuum line (15), which 
leads to the suction chamber (11) and may be connected to a suction 
pump, for evacuating the suction chamber (11); and a suction element 
(18) having multiple suction openings (19), the number and distribution of 
the suction openings (19) corresponding to the number and distribution of 
the outlet openings (9) of the wells (3) and/or extraction chambers (4) of 
an SPE plate (5) placed on the edge regions (13), and the annular wail (7) 
of each of these outlets (8) able to be positioned in relation to a suction 
opening (19) in such a way that it forms an annular gap (20) together with 
this suction opening (19), 

characterized in that the device (1) includes an intermediate space (21), 
which is defined by the suction element (18), the bottom side of the SPE 
plate (5), and the enclosure means (10), the suction element (18) being 
positioned on the enclosure means (10) to form a seal, and, after the as- 
piration of liquids (2) from the wells (3) and/or extraction chambers (4) of 
SPE plates (5), a flushing gas being introduced into this intermediate space 
(21) via a ventilation valve (22), which the enclosure means (10) include. 

14. The method according to Claim 13, 

characterized in that a device (1) according to one of Claims 2 to 9 or a 
system according to one of Claims 10 to 12 is used. 

15. The method according to Claim 13, 

characterized in that the suction element (18) and the SPE plate (5) are 
positioned in relation to one another using this device (1) in such a way 
that the annular walls (7) of the SPE plate (5) dip by a predetermined 
amount into the suction openings (19) of the suction element (18), so that 
the annular gaps (20) are open or closed. 
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16. The method according to Claim 14, 

characterized in that the suction element (18) and the SPE plate (5) are 
positioned in relation to one another using this device (1) in such a way 
that the annular walls (7) of the SPE plate (5) dip by a predetermined 
amount Into the suction openings (19) of the suction element (18), so that 
the annular gaps (20) are open or closed. 

17. The method according to Claim 15, 

characterized in that, after the washing, the ventilation valve (22) is 
opened, a flushing gas is introduced into the intermediate space (21), and 
in this way a greater gas flow is generated in the permanently open annu- 
lar gaps (20). 

18. The method according to Claim 15, 

characterized in that, after the washing, the ventilation valve (22) is 
opened, a flushing gas is introduced into the intermediate space (21) until 
atmospheric conditions exist therein, the SPE plate (5) is lifted, and in this 
way a greater gas flow is generated in the annular gaps (20), which are 
only opened now. 

19. The method according to Claim 17, 

characterized In that the opening of the ventilation valve (22) and/or 
the lifting of the SPE plate (5) is performed by an arm of a robot for trans- 
porting the SPE plate (5). 

20. The method according to Claim 18, 

characterized in that the opening of the ventilation valve (22) and/or 
the lifting of the SPE plate (5) is performed by an arm of a robot for trans- 
porting the SPE plate (5). 
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Abstract of the Disclosure 

A device (1) and/or a corresponding system and method are disclosed for aspi- 
rating liquids (2) from wells (3) and/or extraction chambers (4) of SPE plates (5) 
for solid phase extraction and elution of organic and/or inorganic particles - these 
extraction chambers (4) each having an outlet (8), positioned on the bottom side 
(6) of the wells (3) and including an annular wall (7), which has an outlet open- 
ing (9). Such devices (1) include at least one suction chamber (11) delimited by 
enclosure means (10); at least one receiving opening (12), positioned in a part of 
the enclosure means (10), having an edge region (13), which may be sealed to 
the surrounding atmosphere (14) by applying at least a part of such an SPE plate 
(5); and at least one partial vacuum line (15), which leads to the suction cham- 
ber (11) and may be connected to a suction pump, for evacuating the suction 
chamber (11), and a suction element (18) having multiple suction openings (19), 
the number and distribution of the suction openings (19) corresponding to the 
number and distribution of the outlet openings (9) of the wells (3) and/or extrac- 
tion chambers (4) of an SPE plate (5) placed on the edge regions (13), and the 
annular wall (7) of each of these outlets (8) able to be positioned in relation to a 
suction opening (19) in such a way that it forms an annular gap (20) together 
with this suction opening (19). A device (1) according to the present invention 
and/or a method according to the present invention is distinguished in that the 
device (1) includes an intermediate space (21), which is defined by the suction 
element (18), the bottom side of the SPE plate (5), and the enclosure means 
(10), the suction element (18) being positioned on the enclosure means (10) to 
form a seal, and the enclosure means (10) including a ventilation valve (22), via 
which a flushing gas may be introduced and/or is introduced into this intermedi- 
ate space (21). 



(Fig. 2) 
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